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ABSTRACY
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Passage of ths parent Asibl
in Hela eell culture through six
duced & variant (W~*) that, unilike P wiy
cytopathic ‘effect ¢n lela nn% gqxcr o
(b} bacame “nore virulent for mice, and (c
cerotropic! tharacter for the monkev.

Chronxc infectlon of Hela cells with P virus was -estab-
lished for a two month peliou. The virus obtained from
this culture showed characteristics of che P and H- 6 an*

oo

The e virus strain was undecectable from supernatént
fluid two months .post-infection. Cloned populations of .
the surviving cells showed evidence of the modifigatfon™
induced by the Pc virus in terms O£<8usceptibility (sensi-

tivity and capacity) _ R
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t. _INTRODUCTION - ¢ -

In stud.es with the intact animal, ;}el’er "reportad wodi‘xwagxon of
“the Asibi strein &s a result of cerial mouse b*a*n_wasngE‘ The altere
vrogeny diéfoned from its piarent (F) accerding to bwe-criteriar -{a) mice
infected with lethal dases of the former succumbed more rapidly with
equivalent virus dencentrations; and (b) monkeys showed the "meurotropic®
rather than the “v.ce’ratro;ic” syndrome. The vidcetrotropie marker was
ghown by H¢11RLET to decline when Asibi strain virus wds passoged 4n KB
cells.” ' ’ . ]

Some of ‘the early investigators® reported that chick embryo tissue
culturea supported the growth of 'a French {neurotropie) strain, while
others showed this tissue culture to be insusceptible to the viscerg- .
tropic (Asibi) strain. Although the prirary passage of Asibiistrain in
tissue cultures of chick embryo proved to be unsuccessful, the virus =
progeny of Asibi strain following 18 passages in minced“nauqe embryo
culture was found to multiply in chick embryo-tissuesculture. A com- °
parable change in viral pfoperties after passage: canbe further -illus-
trated by the 17D strain (an Asibi-derived’ strain), which-was altered
by continued passage through several hosts including chick enbryo tlssue -
culture. This 170°vnriant proved to be useful as an attenuated “Vactife -
formnﬁ ST - . . .
. The purpose of this.paper ia to report on the changea in certain
.ivirus_and celliular_properties following the paas;gé of Asibi strain virus
in Bifl ccll cuiturcl. _ - N

Bid
«

[
P

&0

Viruo strain, cell line, virus titration, -and walh treatment pro-
ceduren have been pn.vioul 1y deacribed. _= i
Plaque Aa:ny -a nodification of the nonolayei plaque method deacribed
“for the production of plaques‘with Venezuelan equine encephalomyelitis
virus® was employed. Cultures overlayed with:the nutrient agar solution

' were incubated up to six days at a_temperature of 35%C.
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‘LLI. RESULTS

A, PASSAGE THRGGGH HeLa CELLS:
. Imoan fort to induce moa*fxeation of the P Asibi straiﬁ, virus was
serially passaged in Hela cultures.- Virus contaxned in_a one-milliliter _
volume of a 10°2. dilutionwas. irioculated into T-60 Earle flasks containing . -
a menolayer of Hela.tells, Each culture was subjected to two wash treat= -
ments, one immediatelv before and the- other ome- hvur: follcwing inoedlation: o

The latter wash ‘treatment was adopted to effect a further dilution of the o %

. unadsorbed virus“and to. elimipate_ intérference. as described ‘for- the~ early
‘phases of the -infectious- cycle‘in -this system. Prior-to harvest the only =~
addition to an infected culture was. bicafbonate and this only in concen-
trations aufficientcto maintain-a PR Ievel of approximately 7.2. . Through--
out “this sertes-infected cultures were incubacad at 37°C and harvested at
arbitrary. intervals, each interval was not leas then 96 houre. . E N

Theoreaulta preaented 1n Figure l<éhow that a’ cytopathic effect (CPE§
N occurred .starting at the third pasgage an§ became-regular and predictable '
.terized by progressive retraction of-the cytoplasm with " graﬁulation and ‘the” .
appearance of cellular debris. Since Hela. cells infected with the P Aatbi
strain showed no evidence of CPE, the virus progeny of the sixth HeLa .
pnssage was conoidered €0 repreaent 8 variant pOpuletion {H-6). ) .

R

o
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B ‘caqnxsmaa}vnst PROPERTIES OF P. AXD H-6 GROWTH CURVE

A growth-curve experinent vas performed with P and. H=6 in Hela cultutes - -

for the purpose of further characterozatidh of -these strains. Paired Hela
cell cultures were inoculated with 10® MICLDg, of each strdin in.one-, °
miiltliter Vvolume. After the cultures were aubiected to post-inoculation

- - wash treatment and sampled for virus content, one T-60 Earle flask from

each pair was placed at 35°C, the other at 37°C, and incubated for a six- .
day period. A O0.5-millfliter volume was removed daily and titrated in v
mice. The results of this experiment are shown in Figure 2-and indrcate

that, although exponential phases of virus growth in both strains were “more.

or less parallel, H-6 attsined approximately one lbg higher peak titer

than P. Inasmuch as peak.titers obtained with %>virus’throﬁgh the course

of many experiments have fluctuated between 106 and 10’ &dnd those of H-6
ranged between 107 and 108 this difference of one log was considered
significant.,

T

C.- VIRULENCE, FOR MICE - -

<

&he H-6 strain alse appeared to be more virulént fot mice. with
equxvalent doses, miee began te die two to three days earlxer witH H-6

. By the sixthepasaage. The CPE occurring at’ the sixth passage was charac- ;fm .2
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T D, VIRUTENCE FOR MONKEYS -

Frem axpovioonts performed with monkeys, it was evident that H-6
differed frem P virus in that monkeys infecoted with the Hela strain did
not exhiblt a vicerctropic dlsease syndroma 28 obaarvad im those infacted

with P vivug,

F. PLAQUE FORMATION -

A comparison of the two stralns with respect to their plagua-forming

ability in both Hela and chick fibroblasts was next iuveshigated,- Result
of these experiments showed that only the H+6 strain had the ability

form plaques when either Hela or chick £ibroblast were employed, and
the plagues appeared after the fifth day of incubation, 1In warallel
titrations of the H-6 stvain, two logs less virue were detectable by
plaque method thah in mice that were incculated by the intracerebral

F, ANTIGENIC IDENIITY OF P AND H-6

"

to
that

the
rout

.. Neutralization tests were ‘performed to esatablish virus identi{ty ard
spectficity employing mouse brain seed of P virus and tissue-cultureé-grown

H-6 virus, In this experlment the virus tontained in both the inoculum and

harvest were titrated against Asibl strain immune sera ohtained from’two
sources: (a) a guinea pig {mmune serum from animals immunized with mouse
brain seed, and (b) monkey antiserum* immunized with a monkey plasma virus
seed, Results of these neutralization tests with normal, serum cortrols
showed that H-6 and the Asibi strain seed virus were antigenically eguiva-
lent; that is, antisera to both strains were.equivalent in their neutrali-
zation ind#xes. Table I summarizes the differences between the H-6 and P

strains of yellew fever virue, - h .

TABLE I. CHARACTERISTICS OF TWO STRAINS OF YELLOW:FRVER.VIRUS

X
S

Variant (H-6)

" . Characteristics Parent (P) HeLa-Cell-Derived
= - Asib?  strain (6th passage)
Peak titer from Hela cell Y/ 108
culture in MICLDg5q/ml
Time of cytopathogenic effact
(1) in Hala eolls 4 dayo
(2) in chick fibroblasts 4 days

Day of initial mortality
An mice 8 to 9th day

"6 to fth'day

Avirulent

3t
(5]

8.

Monkey virulence __ Lethal

~ Prepared by Mr. E.C. Currisﬁan.‘
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G. CHROWIC TWFEETION IN IoLa CRLIS

Iin an afifort to estabiish a cluronilce infectipn of Agibl strain virus
in Hela cells, a culture was incculated with 107 HICTDgp. 7The gulture was ~
subiectad to a wagh treoatment one hour post-lnoculation and then fincubstad
for six days., After the simxth day, it was further wash-treated from ths
twalfth to tha alxtleth day at intorvals of three or six dayd. Results of
thig arpariment (Figure 3) suggest that & continucus preducticn and raless
of ypllﬁw fover virus’ cncuvred during the twoemonth period. Titers regu-
larly ranged hetween 103 and 100 MICIDgg/ml from the nipth to the sixticth
day, al*hough the dilution of the virue resulting from the medium raplace-
ment vepresanted & greater dilutlon of virug than could hava pos sibly been
in the Lnoc"lum. ] :

<
~
w

Virus harvested from this culture was designated parent chronlc (Pc),
A CPR was observed in this culture at the twelfth day of incubation, but
after a change of medium on the fifteenth day, morpholegical characteris-
tics of the surviving cells remainnd zndistxnguLsnable from uninfected -
control cultures,

B - 6 -

Greater bicarbonate concenteation w5§ raceSSnry to maintaln pH levels
above 7.2 in the Pe¢ cultures than in uninfeected control cultures. The
__increased acidity in infected cultures has been associated with viruses
othar tnan the gxoup B8 arthropod- borne viruses.

The Pc virus récovered from the agpernatant fluid samples of this
culture after 1% months resembled H-6 more than P virus. HekLa cells
and chick fibroblasts sliowed progressive CPE when {ndculated with this
virus, although the pattern of wduse deaths observed following inoculation
-~ was indistinguishable from that previously experienced with P virus, Thus,
it was concluded that the modification of Asibi virus resulting from con-
tinuous.associstion with Hela cells - fov s two-month period either had not

progresséd to cﬁ_‘aigree shown by the A-6 variant and/or resuited in a
different variant population. . o

“

=

Theqsurviving cells of the Pc virus culture were carried for an ad-~
" ditional month as a stock culture {medium changes followed by subcultures.
- when cell sheets became confluent). These cells were cloned (through one
transfer) according to the method followed previously.® From thesea cell
populations only morphologically D-type. clones were obtained,

Efforts to detect minimal virus concentrations from supernatant fluids
were unsuccessful by either intracerebral inmoculation of mice or plaque
assay methods. It was assumed, tharefore, that the long-torm celi=viyus
appoclacion had not only altored the virvus populations but had also glterad
the °cell population, so that only morphologically D-type clones were recovaered,

Inasmuch as Pc virus could not be detcucted from the surviving cell cul-
tures, it was of interest to determine whether new infectious cyeles could
be supported by thesge D-type remmant populatiOns that would also show call
= or virus woditivation. Threé eultures were inoculated with 10% MICIDgq
concentrations of virus, two witH P and the other with H-6. (ultures were
incubated for six days at 37 °C., The titration endpoints of daily samples
are shown in Figure 4, The initial phase of virus growth, i,e., from zero
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theongh 96 hours, showed wo évidence of medification, etther of virus
{8 or U=5) or of golls (Maoruzl'™ or provzuucly infocted), In contrast,
differences during the late nhaos of virus growth were manifest: (a)
ths culmfpatlon of the exponeatfal growth of P virus in D-type calla
sprviving Po virus infectim Q‘LdiuLd a peak titer’of I10%, a titar of

twa Llogs less than was c7tu~.ed &r D clones having no r~r:toz: axyporionco
Lg1 this virus, (n) paak virus titersa of H-6 virus wora npurtairlﬁely
1622 fm1 1, terminating in virus concontrations balow the level of assay,

11

It was epparent, therefore, that the regulting continucus wiruz-cell inter-

action’had modified both virug end cell populations, i ather re-infected
with the P strain or primarily infccted with ii-6, the surviving tells of
the morphalogical D-type clones showsd no effect on the ear,)_w“aqe G
virus infection, but there was a ucdification of the capacity of ths
cells to support virus growth, The effact on capacity was shown to

t

‘graater with H-6 than with the P strain virus in D~type clones of surviv-

ing cells. . Although the D-type clones tested may be composed of mixed

.populations; since they resulted from only one transfer, it should be

noted that inoculation”of HeLa cells with L0% MICLDgy of virus, regardless

_of clone, always produced & titer higher than 10 %;Clbxo/ml and that the

D-type cells represented the vast majorxty‘

/




7Y, . DISCUSSION

Teats ogrfﬁrmed ltb tbe P Agibl strain‘vlruc indicated that no change
had’ OCﬂurrad in the propertias associated proviously with this virus folle
r a single pasoaga in HelLa cell cultures, In contrast, virus obtained
her fyom longotorm virus-Hela cell asscociation, L.e,, chronic infection
two monuths (Pe), or following six serial passages in Hela cells (H-6),
ulred“in virus modification, ;No distinction can be made with elther of

3 e
e r{ l'Yb-I

oy D e
"‘(D

e3e varient wird§ populations as to whether they were spontaneous mutants Ln

or tHJ* thay represent the emergence of a subpopulation present in-the “ﬂ~;“f!_

criginal population of P virus, The Pc virus, ualike P, induced cytspathic -, ..

changes wren transfarred to “ngrmal” Hela and ¢hick fibroblast monclayer

cultures: Even dora ‘matked were the modifications exhibited by the H-6 .
virus when compared with.Pi Mice infected with the H-§ virus died earlier”™ .
than those infected with P virus, Monkeys exposed to H-6 survived; others;- ,*r

- similarly infected with P wirus, sGccumbed, Plagues were obtained in chick
‘fibroblast Eultures swtth =6 but not with P. Apparently, H-6 represented . ..~
a différént or eyen greater modification of the initial virua pepulation '

: than did Pc. . Although the’ times of Pc and H-6 virus-ceiL .asgociationa were

BN compar&ble ‘the- Hela ceil populations during the infcct Loug”’ cycles of Pec .

_ were exposed.to an unmodified- cellular environment, i.e., equivalent to: <

were.continually undergoing modification, while the precursors.of H-6 virus -

‘that of P virus, The surviving HeLa population producing Pc did not under- ¢
go marked cytopathic ‘alteration compared with those infected with H<6 virus.
Additional modifications .evident in the-HeLa cell population.thar produced .
Pe° indicated that only the capacity to produce high virus concentration” and” .-

" not the sensitivity to {nfection-had been modified, Thus, Di€ype clones of
. Gh Pc -culture when re- -infected with P virus showed ﬁnginitlal trifection

cycle similar to "normal' D-type clones. but teriinated with. conaiaerably

_“ less virus produced, .When H-6 virus was employed with the:D- -type (P¢ L
remnant) clomes,.an even greater decline in capacity was detected, Thus, i"~,?
although- the‘bxtype clénes “isolated from parent.HeLa cells and chronically - . <. . .

infected Hela were morphologically indistinguishiﬁle, they<d1ffere4ﬁ£n L
susceptibility to P.and H-6, During the modiffcation of the Hela. 0911 &
population that resulted from Pc multiplication, a population ahiﬁf in: o

- HeLa cells was observeQ to a new D-type clone. . - {le

>
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